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Abstract 



In a two-dimensional gas chromatography system (200), it is necessary to "pair" peaks (1 A1 , 1A2, 1 A3, 1 A4, 1 AS) from one 
chromatogram with respective peaks (1 B1 , 1 B2, 1 B3, 1 B4, ^ B5, 1 B6) of another chromatogram. Both peaks of a pair should 
correspond to the same sample component. Confirmation or disconfirmation of pairs may be speculative or arbitrary. A hybrid 
chromatographic column (2AB) Is designed so that the retention time of a sample component is the average of the retention 
times of that component in the two independent columns (2AA, 2BB). Thus, a peak location in the hybrid chromatogram can be 
calculated for each pair of peaks. The absence of a peak at that location or the inconsistency of the area of a peak attha 



location disconfirms the pairing. Higher dimensional systems and other separation technologies may also be used. 
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mci/c;55^-c> mm^mi. mt\^'o^-k% 
9tmmi. ifeA'f:/V7 ^9tmmt. 

iBA^:/'j7 TOij^U. ctot. llS-rs^^f- 20 
[11^3] NiOI^cSMMWtSNiCM^ 30 

vMi. mmimm^wu-:f^) 7 f^m 
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n -7 h 7 - (LC)fcl:t -ctJ ^j: < . + 1 f 7 'J l^i^ 
|jia(CE)fcJ:y^'y;i/ • =^ 1 1:7 >Jl^i^(ocE)ittf 

[000 3] GC^LCfCfcl^tW. S^I4«> ilffilif*?: 

KtiWf L<fj:|,J-C (equalize)t-C)15it(Dj| 
fiSc^(DKI^*5ip®{c^i:S ( in equilibriuni) , ?W 

[0 005] iJtffltf ©. ^©tbl^W^t l^SB^^f 

[ 0 0 0 6 ] + 1 17 mmm{(i.%M\.^x\t ^ 

\:,X9^^mm\ Wim (viscous draq)«^ 
(DtnZmtmMI) (propulsion)Ji:16^o 

\t + 1 1 7 mmwH^mm/mmmo 
xmm9t^%mh. 

[000 7 ] ^e^gt^ttiS (CCffl) . Sili^i 
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-■:^)lHmt^tcli>iC. U.mmi'^ (test runs)?:fflt^ 

9f4©ffi}#B$F^ (cm u ^ ^it^momm Kum lo 

[0 00 9] ^sisnfca^^?:*!^. $>Sfie+»K 

■e^ffil|{Cji4?)§Ci*5-CtSo GC/MS^'Xf- 
[0010] ^^-f^^WWenfcivXf-A (hvphenat 

ifCcfcoriiig-rsciAs-cts, m{i> rufiij ce 

©->i-(slice)5:. <)vO-K-J5^1i^ji*7 AK^AStiS 

-r-S rj^gftBtfal (qross retention time)J > hfct^ 
■oX. ffi)i*7AKfcW5fff#B#r^i. 2) t-^'JiSt 
■^UfcilS^^A© r$ig{i}#B#F^(fineretention tin 

e)j 4Ui^'jTS. cnjiroc^^f^ra^r-eti-eti©^-? 

>KiMa-:JW3i*4. i!ji*^Ai{Sji*7A©®iR 
!^;!)5Sfj:-ort^€. i(S^f n«> 0 1 ©ffif#ii#r8l/c::t 
?rS^I(C L T«^!i-r i,Ct(OX^tiD-^'}fcSi S {b^ffi 
5:»lllf ■5/cJ*{C||2©|?}#il#r^**W-r6 C iA^T't 
S. btcifir,X. i41#©I^S©tS^*^iiT. 40 
[0011] ffiji^^Atiftji^^ASJMg 

hm\^%mi>'mi)^ib s c i Kct o rs < nc 
♦3. iSji*7A©s(iijie%«L<iij]n3tt^, ^ist«i 



mm^ti^. i5m©-o©^iH5^*5^<a-en-o©* 
7A?:aji-r4. cti?.©jif'ptti*it{cs:it3n-c*j 

mi^icidcu^xhjii^^ HSfc. -*7A(cfci,^r^ 
Bt-c # aj: A> o tcmniitot)^i.x^mt a c i *s-e t 

So #i'CI-7hi^7A©ii^«. ffe©i'p-Vhi^7A{C 

[0 0 1 3] tSM^^XTci^ovhy^y-f-Ji. c©7 
7*ci - 5^ ^M^c S SiRtt^ Sro * /cti-e-titli© 

i*St?#S. §*7A©^«|{C-5l>-C]S2* 

7AAl-i^f4*9ra1 (sample cluration)|^©§P^f4-)t* 
(D^f^^^mt S C i *^-C t S cfc ^ fcS® L /ii^N -r 7 > 
Wfcr 7"n -^l,c1tib Xi.WJim^-.iU^t So w 

So 

[0 0 i4]mm0'-'X7ii^o-7Vifvy -t-oMmt. 

1fSCit?*S, r^iraj I^DpCI4s£^-C5>S<!:« 

^5 tis f-- ^raio-ss^^^^-r s c t 

S, — 3©i'Ovhy7A©b"-i'*54>-5 — p©i7nv 

B«t»*S. Ci■o/c^Hi^^*5E*^ftotlS<!:. M^© 
g|f^J;0ffSjSHSfi^FBl©7--^;WcMoT. ^^*|5]^ 
■rSCi*^-C#So fif'P©StRtt*^54ilL-Cl^SC<tJ; 

[0 01 5] m^tJiC tic. <B©b--i'**jiKSlI03 

AK|5i i;ioo(i©fiS5^*5^nri^s iiR^rntf. 
r-:)©i'avhy7A©'en^nKioo(a©f 

-i^A^^S^t^tf, ioo©fc'-i^©iffi^t>-S©Dl<il14*J 

*s, oj«gtt©*staM©S[{i> mg^^ffii-si^)^ 

i^<!ss. tBMrrfSf*. mma. ^-omm 

ttlX^^i). ^t%f}^r>tc (uncorrected) J tBH©^< 

51. \^-^mmiitmti>cticj:r>x^mi>ct 
45 -t+sfi^c 0 tcmj^y F*^a^^ft-r s c i (c 
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biPi^tiii^fii. a^cc<J:-c.r«. WtM(Ooim'&(OS> 

^J'jBfcJrO'f-i'CDftffittCDiSl-^SafllO^r (co-ass 
iqnment)*H^{t^c|5lS»f'F^!£:>S i 0 ^Ut-^BM^'XTC ^ 

ISJBcc t>fc o r {'pffl-r * c <J; i; ^. 

[00 16] 

[0017] 

< <t^)^i|S-'^'r:/U F^J-SIK Cconflrmatorv hybrid 
separation pathD^WT'StBHi' P-7 V^vV A - • 

[0018] ^nvimmtM^<!^nmcis\.^x\t. wdi 

ilSSA^ 6 © 1 :5>P^©StiSB$r^ i ® 2 (D^^m^iP 6 <D 
WSUOAtl-^i:. J:0ffil5ifert}f (interpolations)*^ 

[0019] }*At»fit8S«. *smf#6nfc}43xLfc?ga 

f - d'fitS*H-»-rSfc«?>K:Mffl-C* S c i J; 0 , 
W -S fi£»{4S©i?»-C^S-r S C i »-C * /S: C <h j!p 6 , 
©fcs!)OtS$R*!S«-r*. 

[ 0 0 2 0 ] ^-'^ -f F». 2 $ fc«*n«±©i* 
$bt,\ v FSS«}*Ji^»it!8(cffiffl3 
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[002 1 ] 0<lit«. tiSWi&iJSofcJfeK:, jli^Wtc 

>'^'('7''J F^siffi«> ■en^^T.ttoi^iisg©— ^ 

{CiB^-r 5 S «® -r S H2 > F (abutti 

nq secinents)*^e.fiE€.o 2yC7t:©*i^. m©-fe > 

10 -c. ^2yy>F»i^sU''^■a^->•cBB5tJ3■I^sc^*s•e 
y i > F ij-ftifium 3 <t # (ci^tcwffl -cab s , 

[0022] 3tJ|ei^©:^ffir«. ^^J-ie (sample an 

otments)«^4^^5>ilf^^g*icfct>v^ F^s-nss^aas 
•r-5, S:»■Siss©affl^cJ:o■c?l^s^5'?^^*5^f p,n€.o s 
?ss»fli-cm6nssf-d7(j, ^><!;©^*4s^!^©- 

n©:»^SS«cte W ^ Hi-© f- (ciEiitic^-^-r -s. 
[0023] Jls^HJti. M^^t (disconfinning)iC-r 

i-ij tip*i^Ji--r'S/ces{)jc*ijffl-r-sci©-c*€.ftJjDW 

IEL.< ^j:l-4BM©-8l5*fctt^-C4^ 
©■T'^-CWtBK©*^ (set)$/c«Se*©$IJ*^ (b-i' 

Ma) -ctten-sge^j-*^ (subset)(cjiffl-rsc<!:*s 

nSStBra«:>PtU-C^M©ffl?:Sd'3^r2. (assiqn)C 

30 ©J fflM*-5i.Hi-Sf©Sia©fflM4ilS«^SCi*5-C 
{:©J:5^c«JB». L*l^fiiJJtT©tiK*M(Jfc 

■r'S*>©i#^^^T.?>o 

[0024] #iffl[0-Ct<^SStBPtC-ot,^-C. 3T^©«iS 
FK«:»fC^S'J3ti5f-i'©ag?:it^ 
f •5C<t«cJ;-or. v F • i^nvF 

^'•7A?:*toSctAi-C*S. W^li. N = 2. M = 1© 
i^xf-A-cii, >'^-^:/'; y F • i'av Fi^5A{c*il^5 
b-d'OJiJt (predicted) f-i'fiig^, ttH^P-vF 

Acc te w m-r f - eg©tt]*^±^ i -r s c 

40 <i;*s-C^-S. ^aiJ3n/ci?O^Fi'^A*X^©d7n-v' 

Vif=yi.t\mi^. c:©J:bt5CcJ:or. SM»l5E*5^m 

©f-e'<t©FBl©:2.-i"J FiSS»©*gfa«r**-5.C<i: 
^•C© f - i'©¥l^?^S*^?) f- i'^g©<i^©— *© 

^%^^t»IR«, -€-n^©S(|f)^r^®5fe)«{i?r-:>W2, 
50 f-i'liffltCH-rSfte©1tfR<i:<!:4>4Cffll,i2.C<b 
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[ 0 0 2 5 ] >'^ 'J f visjaumm^^^u. ^ 

[002 6] *^l3(D2y<:7C-CO^(Cfel^t:». n 1 

icm 2 (DSti?&?:}#/c-&s J; ^ ix.mmti> c i cc j: o r 

[002 7] IlrXDttji^J'il*^ ACcMaT-SiSS^J-^ft 

©ffifll<!:-S(L/^c^»li8l**•rs^i:e>^^> SdO^-cBM 

[0028] *|feB^«, ^^XTC^^^T^^Kteti-C. PIS 

■r'SisiSfii;'jKjfi-:J< ctA5-ct^>. *i%B^©cn6© 
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IfflJSIJiB^ 6BJ 6A^-CS> 5. 

[*il0f«] 

[ 0 0 2 9 ] 0 1 r^^CTciSS^J-^PASTTcSn-cfc 

A2oorff/c^)©rS)?). >'XrA2ooa, mi<Di^^ 

^«I*^A2AB> m^im^2-lK 2m 2m *^tHS22 
A. 22B, 22H. 3>f;x-$22a ^''j >i?2224ij;0'3f 
-:/>2245r<i^t:i^5, :^7 7A2AA, 2BB. 2AB«> 

:/>224rt(ci2a§4T,t:> *5ASg7!)5Eii(c$ijw§n 
24©ii-fflij©#^HiS'^«ffl«^^s^sfc2?)^i^. -s-n-e 

i7©^Si:^?7A2M. 2BB, 2AB©^g|5{Cieg3n-Ct<i 
So ^fflS22A> 22B> 22H«> 'M'MStfCimt ^m^fS. 

mSV$>6o *^aiS22A. 22B. 22HOW:'3«3>f*- 
^?220ia^L/-Cl>S, =l>fjL-^?22rt*. 7"'J>i?22 
2(C^a^22A. 22B. 22H©B#H-C^{bL/r CiStti;'??:^ 
mLrl^■5-'^-F3t:•-*^ie^•rS, 3>f*-3'220 

« * =i- - y > 2 24i& mii -r s c <!: ic J: o r * 5 A 

[0 030] :&fi*5A2AAi2BB«, *n6©Si'PV 

ciJ:OttS:Lri.iSo Jjo^-c, *7A2M<fc2BB«^n 

e.©tti^J©tiMOS-^*^J>< t,^ (low raagnitude)i^j:SJ: 
^{caiJR3tir(,>S, £:©J:^{cei4SMB. *^A2A 

A*^ e.i§tti 3 nsis]S3 nt:ii^cci)iK^3-©«}#B#pfl7!)^* 
7A2BBA>e.^t±i-rsi5i DfiS;^©«^»tra*^ ?>^i'j-r s 
ctJisrtr-r. ■€•©!£ *>fiRAi'3c:<!: J: 0. *-7A2M<t2 

BB*ifciZ:{C3li-t:i>S. ^REJ^ ;<7 5'A2AA{t*7A2BB 

Ci©— o©jpJ^«. — ^^Afctei^T^JJ-^-C^i^drCifiK 
^^ffe©;?77AiCot-9-C5^ifC*SBl<i14A5J:bl5WWt,^ 

[003 1 ] *5A2AA<t2BB©^^^K*5K^t?*S^J 
*vA2AB©^}i5FB#ra^it©TSCiA5-C*. * 
7 A 2AB{* * 7 A 2AAte J; 0'2BBK>Ft U rft-^WCCt^H L/ 
rC^So 3 6{Ci$|ffliC». ;^?^A2AB©®StB«. *7 
A2AA. 2BB©HSti©laIfl^ti^'^'C*S. b/c*S-3 
-C, ;^;^A2AB©ffi}#B#ra«. *7A2AA. 2BB©RS^5'fC 

*fr s{S}#ii#pa ©^J^i ^j: So 

[0032] *^Bj©(io|UfefilWcfcl^r«. --^-^ 
K*7A3AB{S> ll3«:7j^-rJ:^«:. r-:5©-fei^y 
>h30i. 302j;»]^^3ti-Ct,^S. -fei^^^hBOi;!!!* 
7A2Mi[5D@Sffi^WLri^S©{C>FfL.T. -fe^^y 
>h302B*7A2BB<h|iID@Sti**L'"Cl^S. ^if^ 
50 >h301 302»I^DS3«:WrS. Lfc*s-7-C. &fS.^ 
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[0 03 3] %\]<DmM^-CSii>^^-^-:^') 'J K*^A4AB 

~410*WLTl»^o •^#@(D-fei'p'>Mai. 403. 4 

05. 407. 4G9iJ. * -5 A2AA<i;|al DSStB^rWL/'Cfc 
0. fS^#@0-fei^^> h402, 404. 406. 408. 410« 
;!77A2BB<b|HjD@Sffl4WLr(,i^. A4AB5i^i^ 
h^BI (thermal gradient separation)?:fiKffl 

[0034] (!R^5}-Jie^xf-A2oo*fijffl-r 4:^^500 

W^it, Xt-'v 7'501-Ctft)tvS, rjiil (independen 

t)j t\.^'?mm\t. niiL'f^mmmmmcm'^^^xcc 

[ 0 0 3 5 ] XT- 7"501-CB. Y 4® 

e«] (spati al )te J: tX^^I-BIW (spatio-temporal )^ i^^- 
[ 0 0 3 6 ] XT- 7'502-C». *ii©S^4s£^© f- 

A> 6 ©—- cj^^tyro© b*- i7 *5|i^l4©^^3i)jS^f*^>!+)t> 
4, Bltltt©&4f-^©«^t)-B-©^^^J'te 

h{c*tL-c*^ig©«e!si)™'P*JSfflrsc<!:«>-et 

[0 03 7 ] Xf-f 7"503KtJl^T«. (KEUfcillO^ 

J' p -7 h y 7 A©S!i 0 ^-c f>n/c f- ^©{4g©r^©* 



- 5 5 7 8 6 

10 

[0 0 3 8 ] Xf-'^/^'suectel^tB. -J 

7A2AB{c?s-)r^Si?n/ci*l4?:ffl<.^t:. 
KaifWft)n-5, ^mmc^t. c©xf-7 7'«x7" v 

7'503©«i;£©mtec^c^. III^OC«, C(D:^^-yZf 
«^«tX ;l/ - 7' h ?: b-r €. fcii!) X T^ 7 7- soli 

10 [ 0 0 3 9 ] Xf-7 7'504*^6t#6n?>>'^'r "J Ki' 
av hi^^Att. Xf--;'7*503K*ji>-cH-St3iiSfig 
©?Fi?ffifflF*?© i^-f (D^&inmt JS5i$ ti/c& 
S*Sl^J'e-©jfi<{cf-i'*5;^j:iii-r<ili. T.T-yV' 

502©{g©fl| 0 S t 514<b L-CmStl^j;^ fCM^ 

[0 04 0] ^iLf-i'ji^ji^i/fcaEK^a-r^fee 

i(0^r6n/c^W::^'J->' Ff-i'©ffiS?:. X^ 

7'505-e:^— 55c (incons1stencv)?rl,-:5t:t Sfc&Ktb 
$5f S, •i>UT-^T©fiX^*5^SI3n€.)ie>«. Bfi#© 
20 |?!t^}>©b-"i'ffiSm'P?:aD-Cl:bl5-CtS*>0-C* 

i4)-o©t:--i'©ffia^ti»n§1i-|>Bltfett*5*So IS 
^{c ct o r B. f - ©a^^j: »P (c j; -5 r BlftB^ 

©l?L/t->i(4iIf- i^O: 0 4>^hS l^ffi»?:WUt:t^fci-r 
nB. --W:^'; v Ff-y}ittS:f-i'i|alDf-i'^ 

^xi^ns, «i^{bcctew?.ft^l4B. ffe©t»fgii:»-5 

«. XT^":':?'506«:nx-rJ;5K:«tE!iU-c*!ia-rsC(!: 
[004 1 ] :^ffi5OO©*S*:5r0 1 ViTTst, iJyAV^ 

m iAB©tti:^«:)isti£;T5i'p-7Fi^7AiM. m ia 
B*ifta©ll-*>6#fi-ri.J:^ic^i^3^^t:t,^S, i'O 

Vhy^AlAA. lBBA5it^WCf&-5Tffi7!>>tl-Cl^|)©(C 
40 *J-L/-C. i7p-7l-i^^AWB«i'a^Fi^^AliVAilBB 
<!:©r^r45- ©ftK^rWT S'<-X V -f >*>6li*>nr 
tiS. i'OVH^7AlAAli5fii©f-i'lAl. 1A2. lA 
3. 1A4. lA5?r$t?, :{7PVhi^7AlBai6<i©f-i' 
IBl, 1B2. 1B3. 1B4. 1B5. lB65:#tf, 
[0 04 2] f-i'©^ (5>Pt6) ©M«. i'PVhi^ 
7 AlAA©r-:>© f - i'3!)i!#*jiiSnri>S Ctiffk^ 

urc^So f- i7$M©tbl5{J. i'P^Fi'^AiAA© 

©f-i'ii5ii;zi-p©js^{c>Ptic:.t'S. •r^c*)-^^ ia 
50 2. iA4(i. 1B5. iB2ipi{;fiR^J«:*fit:r5ci*ffi^-r 
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[0 043] »t m^i^^-^U-od) 

to m\t\i-!^<OMm\ 1A#61 
mn^^XmhMMmX. 1A2A^61B5ID lO 

%&MXU. b'-^iA#'3iB5fcJ:W 

p^mmom^-cii ii3i Biu^xmt 

n t'-^lBi;5^MB6(D^i^i: V 7 \^y!f^7f^lX\,^ 
08lt b'-i'lASJiSfc-^m lB3(Cj:otiF$tlS 

m^MU f - ^ Ottii^t?) ^ C i 1 1 

C(D^!fjA^!^». fnftito, 133i^L/tl^ 
§A^:/'j7F^a7F^7AiAal:0b*-m 1H3 20 

u-^xMum. b'-m iH3tt. ^)Ub'-^iA 
cnit itiAi!n/cb-i'0»i{ci)it^^s 

[0044]'iiORt>«3{ai»l«[Ibt. $6iC 
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[0 046]i^XfA200(»iyr:^i>F?:« 
i^)vmtl^WTJ^^AU^X%>j(D$. 

numxu. mil trnmrn-^}' 

[0048] ^Wj0ft&©l^t)ii ^^Jfflt ^ C 

m(i)mm^mtxu. m^Mmu 
[ 0 0 4 9 ] liii. mMMm^^'tmifc 
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[0 0 5 1 ] (3)Hi)iB^^-Y^'J ■:' I'^mumi. Mm 
[0 05 2 1 (4)B?iaNfi©as»iismi> n i ©s 

II 1 (D!|ftt?:W-r.&ll 1 CD42 > h iMfaH 1 ©-fe 

imfiic^©^!i*^tffffl(i)i3«S©^^'^i'a^ 1^ 

[005 3] (5)i^iB^^'^ i'f^mmt. ijiB®2 
©•fed^-'O h©TSfe{C*Sll3©-fei^^> fr 

IB® 1 (ornvmi^ttm (4)iBis©i^'X7c o v h 20 

[0 0 5 4] (6)Nfi©M^d:SjitRtt4W-r^Nffl©tt 

ji^iiss <!: . ® 1 (omvm^i'nt 1 ©a^i^iBiK i 
inen 1 ©sj?tt<i:a^c^ii2 ©s«?i4*w-rsii2 © 

5fci55-gfif§*^tfNffl©ffiit^3-iifsgi. munmom^ 
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